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The present invention relates to a radio communication system and to the 
subscriber units and base stations used in the radio communication system. In 
particular, the invention relates to an advantageous signal format for use in the radio 
communication system, which results in faster synchronization of subscriber stations 
to base stations. 



One example of an existing radio communication system is the Global 
System for Mobile communication (GSM) system. The GSM system is generally 
considered to be the de facto world-standard in time division multiplexed cellular 
systems. 

However, with increasing demand for cellular services, communication 
system designers are now modifying base technologies, such as the GSM system, to 
improve efficiency. Higher throughput will be obtained with the development of the 
EDGE Compact system, otherwise known as EGPRS Compact. 

The EDGE Compact system is a cellular radio conmiunication system in 
which a network of base stations is provided. Each base station provides access to the 
EDGE Compact network for a number of subscriber stations within a cell associated 
with that base station, by means of a radio frequency interface. 

A 'subscriber station' in the EDGE Compact system may take a variety of 
forms. Essentially, the subscriber station can be defined as equipment having the 
ability to receive an EDGE Compact signal from a base station. Such equipment is 
usually referred to technically as a 'Mobile Station' or 'MS'. Typically this might be 
a mobile telephone. However, it might be a mobile radio which is also able to receive 
an EDGE Compact signal. A GPRS radio can also receive such signals. Clearly such 
a piece of equipment can normally also transmit to a base station, and may be able to 
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transmit in 'direct mode' to other pieces of equipment. It is not essential that such a 
piece of equipment be mobile. In the following, the term "subscriber station" is used 
for all types of devices such as these. 



Signals on the radio frequency channels of the radio frequency interface for 
the EDGE Compact system are arranged as multi-frame signals comprising 52 frames 
(FN0..FN51), each of the frames containing within it eight timeslots (TS-0..TS-7). A 
base station and a subscriber station communicate by means of logical control 
channels and traffic channels which are mapped onto specified parts of the transmitted 
multi -frame signals. 

The logic control channels include a Frequency Correction Channel (CFCCH), 
within which a frequency correction burst is transmitted, and a Synchronization 
Channel (CSCH), within which a synchronization burst is transmitted. In the current 
proposal for the EDGE Compact system, the Frequency Correction Channel 
(CFCCH) is transmitted in frame FN25 and the Synchronization Channel (CSCH) is 
transmitted in frame FN51 of the EDGE Compact system multi-frame. 

In the proposed EDGE Compact system a subscriber station must first 
synchronise on a cell before the subscriber station can communicate with the base 
station. In order to synchronize on a cell the subscriber station may monitor a selected 
radio frequency channel until a frequency correction burst, transmitted on the 
Frequency Correction Channel (CFCCH), is detected. Once the Frequency Correction 
Channel (CFCCH) has been detected, the Synchronisation Channel (CSCH) can 
easily be detected after a further 26 frames (FN51-FN25), to obtain the 
synchronization information necessary to synchronize on the cell. Alternatively, the 
subscriber station may perform a direct CSCH search to synchronise on the cell, such 
that the synchronization channel (CSCH) is detected without first having detected the 
Frequency Correction Channel (CFCCH). 

However, as the Frequency Correction Channel (CFCCH) is transmitted only 
once in each multi-frame, the subscriber station must monitor the selected radio 



frequency for the duration of a multi-frame in order to be certain of receiving the 
Frequency Correction Channel (CFCCH). Therefore, it may be necessary to wait for a 
time period equivalent to 52 frames in order to detect the Frequency Correction 
Channel (CFCCH) and for a time period equivalent to a further 26 frames to locate 
the Synchronization Channel (CSCH), ie a total time of 76 frame periods. 

The multi-frame signal format used in the existing GSM system includes the 
corresponding Frequency Correction Channel (FCCH) and Synchronization Channel 
(SCH) in successive frames of the multi-frame every 8 or 9 frames. Thus in the 
existing GSM system, a maximum duration of 12 frames is required in order to 
achieve synchronization. 

From the above discussion it is clear that a EDGE Compact subscriber station 
may take up to 6.5 times longer to synchronize with the proposed EDGE Compact 
system than existing GSM subscriber stations take to synchronize with the existing 
GSM system. 

It is clear from the above that a subscriber station which is employing a direct 
CSCH search must wait for a time period of up to 52 frames in order to synchronize 
on a cell using the existing EDGE Compact system multi-frame structure. In contrast, 
a subscriber station which is employing a direct SCH search in the GSM system is 
able to synchronize to a cell within a maximum duration of 9 frames. 

One of the key measures of quality of a communications system from the 
point of view of the user is the time necessary for the subscriber station to synchronise 
onto a cell and thus obtain access to the communication system. 

The present invention seeks to provide a novel format signal for use in a 
communications system. 

SUMMARY OF THE INVENTION 
According to the present invention there is provided a communication system 
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using multi-frame signals, each frame of the multi-frame signal being divided into a 
plurality of timeslots, wherein in at least one frame of the multi-frame signal first 
control channel information is transmitted in a first timeslot immediately preceding a 
second timeslot in which second control channel information is transmitted. 

Synchronization channel information may be transmitted in two or more 
frames in the multi-frame signal. Preferably frequency correction information is 
transmitted in a timeslot immediately preceding each timeslot containing 
synchronization channel information. 

Most advantageously, in two frames in the multi-frame signal the frequency 
correction channel information is transmitted in a first timeslot immediately preceding 
a second timeslot in which synchronization channel information is transmitted. 



15 The synchronization channel information advantageously contains information 

indicating the frame of the multi-frame in which the second timeslot is contained. 

A single burst, containing frequency correction information and 
synchronization information may be transmitted. Alternatively separate bursts 
20 containing frequency correction information and synchronization information may be 
transmitted in consecutive time slots. 

The length of a frequency correction burst transmitted on the frequency 
correction channel may be variable and advantageously depends on the size of cell in 
25 a cellular communication system utilizing the invention. 

A subscriber station advantageously uses frequency correction channel 
information to set its automatic frequency correction algorithm before each decoding 
of synchronization channel information, this correction being a software correction 
30 applied on memorized samples of the synchronization channel. 

BRIEF DESCRIPTION OF THE DRAWINGS 



4 



For a better understanding of the present invention, and to show how it may be 
brought into effect, reference will now be made, by way of example, to the 
accompanying drawings, in which: 

Fig. 1 is a partial schematic diagram of the multi-frame format currently 
defined for EDGE Compact system signals; 

Fig, 2 is a partial schematic diagram of a multi-frame format in accordance 
with an embodiment of the present invention; 

Fig. 3a illustrates a first exemplary arrangement of the frame format used the 
multi-frame format signal for the communication system in accordance with the 
present invention; 

Fig. 3b illustrates a second exemplary arrangement of the frame format used 
the multi-frame format signal for the communication system in accordance with the 
present invention; 

Fig. 4a is a first alternative arrangement of Fig. 3b; and 

Fig. 4b is a second alternative arrangement of Fig. 3b. 

DESCRIPTION OF AN EMBODIMENT OF THE INVENTION 

The proposed EDGE Compact system will now be described in more detail in 
order to assist in the understanding of the present invention. 

In the EDGE Compact system, control channels and traffic channels used 
during communications between a base station and subscriber stations within its 
corresponding cell are mapped onto radio frequency channels which are shared with 
adjacent cells. 

More especially, the EDGE Compact system is presently configured such that 
a cluster of nine or twelve cells share three radio frequency channels for transmission 
of control channel information between the cell base stations and respective 
subscriber stations. In order to avoid collision between signals relating to different 
cells which are transmitted on the same radio frequency channel, the signals 
broadcast by the base stations of the cell cluster are synchronized so that each cell is 
allocated a time group within a frame for transmissions relating to that cell. 



These time groups effectively provide a temporal offset for control channel 
transmissions of different cells in a cell group which share a common radio 
frequency channel for the transmission of control channels. In any one timeslot, only 
one cell actually transmits control channel information on a radio frequency channel 
that is in fact shared with other cells in the cell group. In other time slots, the other 
cells transmit control channel information on the same radio frequency channel. Each 
timeslot therefore contains control channel information destined for subscriber 
stations located in only one cell of the cell group which share the same common 
radio frequency channel for the transmission of control channels. 

Thus, in the EDGE Compact system, subscriber stations are able to 
differentiate between cells by receiving 'time groups' of slots carrying control 
channel information. Since the control channel is supported by a dedicated time-slot 
within a time division frame, a common control channel radio frequency carrier 
serving four cells has equally partitioned and sequenced transmission periods, i.e. 
time-slots TS-1, TS-3, TS-5 and TS-7 are utilized within a four cell pattern of a 
cluster. 

In order to illustrate this feature of the EDGE Compact system more clearly, a 
schematic diagram of the multi-frame format currently defined for EDGE Compact 
system signals is shown in Fig. 1. 

As shown in Fig. 1, a multi-frame format signal comprising 52 Time Division 
Multiple Access frames (FN0..FN51) is used in the EDGE Compact system, each 
frame of the multi-frame format signal being divided into eight timeslots (TS-O..TS- 
7). Information not relevant to the invention has been omitted. 

As mentioned above, the Frequency Correction Channel (CFCCH) is allocated 
to frame FN25 and the Synchronization Channel (CSCH) is allocated to frame FN51 
of the currently defined EDGE Compact system multi -frame format signal. Timeslots 
TS-1, TS-3, TS-5 and TS-7 of the respective frames are used for the control signals of 




the respective four cells using the same radio frequency carrier. The timeslots 
corresponding to the four cells are denoted by the letters "A", "B", "C", "D" in Fig. 1. 
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It will be evident from this explanation that signals from base stations for 
neighboring cells in the cell group are transmitted only in alternate time-slots, i.e. in 
the odd-numbered timeslots, but not in the even-numbered timeslots as shown in Fig. 
1. This arrangement prevents signals transmitted by one base station in the cell group 
from interfering with signals transmitted by another base station of the cell group 
owing to the time delay associated with the distance between the base stations. 



Thus each multi-frame signal actually transmitted would contain information 
in only one of the timeslots. For example, for a multi-frame signal transmitted by the 
base station of cell B, the frequency correction burst is transmitted on timeslot TS-3 
of frame FN25 and the synchronization burst is transmitted on timeslot TS-3 of frame 
15 FN51, with no information being transmitted in all other timeslots of frames FN25 
and FN51. 

A preferred embodiment of the invention will now be described with reference 
to Figs. 2-4b of the accompanying drawings. 



Fig. 2 is a schematic diagram of a multi-frame format signal for a 
communication system in accordance with an embodiment of the invention. Again, 
information not relevant to the invention has been omitted. 



25 The multi-frame format signal shown in Fig. 2 comprises 52 Time Division 

Multiple Access frames (FNO .. FN51), each frame being divided into 8 timeslots (TS- 
0 .. TS-7). In each of the 26'^ and 52^"* frame (FN25 and FN51) of the multi-frame 
format signal, a Synchronization Channel (CSCH) for one of the cells in the cell 
group is mapped to an odd-numbered timeslot. A respective corresponding 

30 Frequency Correction Channel A-CFCCH, B-CFCCH, C-CFCCH and D-CFCCH is 
mapped to the immediately preceding even-numbered timeslot. 
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As explained above, each of the Synchronization Channels A-CSCH, B- 
CSCH, C-CSCH and D-CSCH shown in Fig. 2 in fact relates to a separate cell, and 
each multi-frame signal actually transmitted would contain a synchronization burst 
("CSCH burst") in only one of the Synchronisation Channels and a corresponding 
frequency correction burst ("short CFCCH burst") in the respective corresponding 
Frequency Correction Channels A-CFCCH, B-CFCCH, C-CFCCH and D-CFCCH. 

The length of the short CFCCH burst is limited by a lower bound linked to the 
performance of the subscriber stations, and an upper bound depending on non-overlap 
conditions with the preceding burst of an adjacent cell. 

The lower bound can be determined based on the non-detection probability, 
the false alarm probability, and the frequency correction capacity of the mobile 
stations. It is expected that the short CFCCH burst must contain at least 40 symbols 
in order to ensure that the subscriber stations will be able to detect it. However, this 
lower limit will depend on the detection-algorithms implemented in the subscriber 
stations. 

The upper bound is determined by a non-overlap condition as follows: 

d > c.(N-L).t^ 

and so 

L < N-d/(t,.c) 

where L is the overall length of the short CFCCH burst; 

N is the number of symbols between the end of the immediately 
preceding burst and the end of the short CFCCH burst; 

t^ is the symbol duration; 

d is the distance to an adjacent base station; and 
c is the speed of light. 
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Since the position of the burst in the immediately preceding timeslot burst is 
generally unknown, it is helpful to use as the value N the number of symbols between 
the beginning of the timeslot and the end of the short CFCCH burst. 

The length L may be fixed or adaptive, in which case it can be adjusted by the 
operator depending on the size of the cells. 

The following description relates to an exemplary signal in the multi-frame 
signal format in accordance with this embodiment of the invention transmitted by cell 
"D" of the cell group. Since this description relates to an exemplary signal used by 
cell "D" of the cell group, the short CFCCH burst is transmitted in the 7* timeslot 
(TS-6) and the CSCH burst is transmitted in the 8^^ timeslot (TS-7). 

The position of the short CFCCH burst may be varied, in accordance with the 
invention, as shown in Figs. 3a and 3b, which illustrate the frame format used in the 
26* and 52'''' frames (FN25 and FN51) of the multi-frame format signal for the 
conrununication system in accordance with an embodiment of the present invention. 

Fig. 3a shows a first arrangement in accordance with the invention in which a 
short CFCCH burst is positioned at the end of the timeslot preceding the CSCH burst. 
Advantageously, in order to avoid interference by the CSCH burst sent in timeslot TS- 
5 by cell C of the cell group, the short CFCCH burst adjoins the end of the TS-6/TS-7 
timeslot boundary. 

In general, the position of the previous CSCH burst in timeslot TS-5 is 
unknown, and so the parameter N can be taken to be the timeslot duration (=156.25 
symbols). Assuming that d=52km (L5 maximal cell radius using 1/3 re-use pattern) 
the corresponding upper bound for the short CFCCH burst length using the above 
equation is L=109 symbols. The short CFCCH burst contains 3 ramp-up bits and the 3 
ramp-down bits, as will be familiar to a skilled person, and so the useful length of the 
short CFCCH burst in accordance with this embodiment of the invention is 103 bits. 



It will be clear to a skilled person that the positioning of the short CFCCH 
burst at the end of the timeslot, as shown, is exemplary, and that the short CFCCH 
burst could be placed anywhere within the timeslot. However, clearly the positioning 
of the short CFCCH burst at the end of the time slot will maximize the value of the 
parameter N, which in turn will result in the maximum number of available symbols 
for the short CFCCH burst. 

Fig. 3b shows a second arrangement in accordance with the invention, in 
which a short CFCCH burst is positioned adjacent the CSCH burst, authorizing a 
longer burst which overlaps the timeslot structure. This longer burst can be achieved 
in two ways, as illustrated in Figs. 4a and 4b. 

The first alternative as illustrated by Fig. 4a, is to keep the short CFCCH burst 
and the CJSCH burst as independent bursts and to apply to them such an emission 
delay that the two bursts are adjacent. If it is assumed that all the CSCH bursts are 
emitted at the same position in the respective timeslots, N is equal to one timeslot 
duration plus the 8.25 bits guard period (difference between a timeslot and a burst 
duration). With the same value of d as above, L=117 symbols, giving 111 useful 
symbols for the short CFCCH burst when the 3 ramp-up bits and the 3 ramp-down 
bits for the short CFCCH burst are taken into account. 

The second alternative is to merge the short CFCCH burst and the CSCH burst 
into a single burst, as shown in Fig. 4b, thus eliminating the 3 ramp down bits for the 
short CFCCH burst and the 3 ramp up bits for the CSCH burst. As a result, with the 
same value for d as indicated above, L=120 symbols ie 1 17 useful symbols for the 
short CFCCH burst. 

Clearly, it is highly advantageous that the subscriber station detects both the 
short CFCCH burst and the adjacent CSCH burst, so as to achieve synchronization to 
the cell in the shortest possible time. In order to achieve this, the subscriber station 
may store sufficient samples such that if a short CFCCH burst is detected the samples 
corresponding to the CSCH burst will have been stored in a buffer in the subscriber 
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station. 



Since frame FN25 is identical to frame FN51 in the described multi-frame 
signal, it is necessary to add further information to the synchronization channel CSCH 
to indicate whether the frame containing the CSCH burst is in frame FN25 or FN51. 
In the context of the currently proposed EDGE Compact system (CR A085 on GSM 
TS 05.02), the CSCH burst contains one spare bit. This spare bit can be used to 
convey this information, for example by setting the bit to 1 in the CSCH burst in 
frame FN25 and by setting the bit to 0 in the CSCH burst in frame FN51. 

Thus, in the present application a multi-frame signal format is described which 
is advantageous with regard to the current proposal for the EDGE Compact system. In 
particular, the time necessary for a subscriber station to synchronize to a cell is 
reduced. Thus the maximum time taken for a subscriber station to synchronize to a 
cell using the described multi-frame format is 26 frames if the subscriber station 
decodes both the first short CFCCH burst and the adjacent CSCH burst without error; 
or 52 frames if the subscriber station fails to decode the CSCH burst immediately 
following the first detected short CFCCH burst. 

Alternatively, the time needed for a subscriber station using direct 
synchronization on the CSCH burst to synchronize to a cell is 26 frames. 

Although the invention has been described in relation to the proposed EDGE 
Compact system, it will be clear to a skilled person that the principles of the 
invention may be applied to other communication systems and that the invention is 
not restricted to the EDGE Compact system. 
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